Abstract
Introduction
The incidence of newly diagnosed HIV infections continues to increase in Eastern Europe (EE), whereas it has decreased in many other regions of the world [1, 2] . The situation in EE is complicated by nearly 50% of the HIV-positive patients being diagnosed at a time where HIV treatment should have been initiated (i.e. CD4<350 cells/mm 3 or with clinical disease) and by suboptimal access to combination antiretroviral therapy (cART) [3] . Incidences of tuberculosis (TB) in EE are approximately 100 new cases per 100 000 per year in countries such as Russia, Belarus, and Latvia, and the prevalence of HIV coinfection is estimated to be 5-19% [4] . TB in HIV-positive individuals poses a diagnostic challenge in terms of lower sensitivity for smear microscopy, atypical chest radiographic appearances, and frequent extra-pulmonary localisation. TB treatment also poses a challenge due to long term high pillburden regimens, interactions between TB medication and cART, overlapping toxicity and adherence issues, and especially in EE, high rates of multi-drug resistant TB (MDR-TB), concurrent hepatitis C coinfection, and injecting drug use (IDU) [5] [6] [7] . The prevalence of MDR-TB and extensively drug-resistant TB (XDR-TB) is particularly high, and still increasing, in EE and Central Asia [4, 8, 9] . Proportions of MDR-TB have been reported ranging from 12-35% in new TB cases to 32-77% in retreatment cases in Latvia, Russia and Belarus [6, 8, 10] . Treatment of MDR-TB and XDR-TB is both complicated and costly, and associated with high morbidity and mortality [11] [12] [13] [14] . The extent of TB and HIV coinfection in EE is probably underestimated as many countries in this region have suboptimal diagnostic services and surveillance systems for both TB and HIV, including data on anti-TB drug resistance [8] .
A previous study from our group found a three-to-five fold higher mortality among TB/ HIV coinfected patients in EE compared to patients from Western Europe (WE) and Argentina. The current study builds on these previous findings and focuses on assessing potential changes over time in TB/HIV management [15] . For this analysis, we aimed to study clinical characteristics of TB/HIV patients in Europe and Latin America (LA) at TB diagnosis, identify factors associated with MDR-TB, and assess the activity of empiric anti-TB treatment regimens in relation to subsequent drug-susceptibility test (DST) results [16] .
Methods

Study design and participants
The TB:HIV study is a prospective, observational, cohort study of TB/HIV co-infected patients aged 16 or older who were diagnosed with TB between January 1, 2011, and Dec 31, 2013, at 62 clinics in 19 different countries throughout Europe and LA (see acknowledgements). Participating sites were chosen on the basis of our previous retrospective TB:HIV collaboration on patients diagnosed in the period 2004-2006 [15] . The study protocol follow-up (FU) period is 24 months in order to analyse long-term outcome of TB disease. Here, we present analyses conducted on baseline data.
Procedures
Data were collected on standardised case report forms (CRFs) which included demographics and information on clinical information on the TB diagnostic work up, initial anti-TB treatment, and baseline TB drug resistance. In addition, CD4 cell counts, HIV-RNA measurements, ART history, hepatitis B and C status, AIDS defining diagnoses, and malignancies were collected (www.chip.dk under TB:HIV study). For comparative analyses, centers were divided into 4 different regions; EE (21 clinics in Belarus, Estonia, Georgia, Latvia, Lithuania, Poland, Romania, Ukraine, Russia), WE (19 clinics in Belgium, Denmark, France, Switzerland, United Kingdom), Southern Europe (SE, 9 clinics in Italy and Spain), and Latin America (LA, 13 clinics in Argentina, Chile, and Mexico). Clinics in WE, SE, and LA were included to compare EE with other European regions and another middle-income region, LA. Baseline was the date of TB diagnosis, defined as the date when TB treatment was initiated or when the first positive sample for Mycobacterium tuberculosis (Mtb) was obtained, whichever occurred first. TB diagnoses were classified as definite (positive culture or PCR for Mtb), probable (acid fast bacilli or granulomatous inflammation on sputum smear or tissue biopsy specimens), or presumptive (TB treatment initiated and not subsequently stopped because the TB diagnosis was excluded). Pulmonary TB was defined as TB localised to the lungs, larynx, or tracheobronchial tree. Extra-pulmonary TB was defined as TB localised to a single organ system (excluding lungs) and disseminated TB was defined as i) TB documented in at least two organ systems (one of which could be lungs), ii) miliary TB, or iii) isolation of Mtb from blood or bone marrow. MDR-TB and XDR-TB were defined according to WHO standard definitions [4] .
TB treatment was categorised as RHZ-based (containing at least a rifamycin (R), isoniazid (H), and pyrazinamide (Z)) or other. Baseline resistance data were based on the first DST samples taken within one month of the baseline date.
To assess the activity of the empiric anti-TB treatment regimens, we identified the number of anti-TB drugs to which the patient's Mtb isolate was subsequently found to be susceptible. All patients with DST results of cultures obtained within one month of their anti-TB treatment start date were included in this analysis; subsequent adjustments to treatment after DST results became available were not analysed. If a specific DST result was not available for a given drug, the patient was assumed to be sensitive to this drug in the primary analysis. We also assessed the hypothetical number of active drugs if all individuals were modelled as having initiated empiric therapy with RHZ plus ethambutol (E). In sensitivity analyses, we (1) calculated an alternative worst-case scenario, where missing DST results for a given drug where recoded as resistant and (2) restricted the descriptions to patients with complete resistance results (DST results available for all anti-TB drugs used in the empiric treatment regimen).
Statistical methods
Variables of interest were stratified according to region and differences tested formally using the Kruskal-Wallis (continuous variables) or Chi-squared (proportions) tests. Logistic regression was used to identify risk factors associated with MDR-TB. Variables of interest were included in the multivariable model based on clinical plausibility and/or previous observations [14] . Details of the categorization of variables for the multivariable model are shown in the web appendix, in accordance with STROBE guidelines [17] .
In order to compare results from the current analysis to findings from the retrospective HIV/TB study, data were re-analysed using the present study definitions [15] . Variables relevant for this comparison were decided upon a priori, and proportions compared using a z-test. All statistical analyses were performed using SAS (Statistical Analysis Software, Cary, NC, USA, version 9.3).
Ethical approvals
Data were obtained from the patients' medical records or through database exchange using HICDEP format (www.hicdep.org). The study includes clinics (N = 62) and participants across many European countries, and each participating site has a contractual obligation to ensure that data collection and sharing is done in accordance with national legislation; each site principal investigator either maintains appropriate documentation from an ethical committee (if required by law) or has a documented written statement to say that this is not required. Further, the coordinating center (CHIP) holds written copies of the participating sites ethical approvals. In specific, the study obtained ethics approval and participants gave informed consent before taking part:
Le 
Results
A total of 1413 patients were enrolled ( Table 1) . The majority of patients (72.5%) were male, with a median age of 36 years and a median CD4 cell count of 113 cells/mm 3 . Although the HIV diagnosis preceded the TB diagnosis by more than 3 months in 69% of participants, only 27% had ever received cART. More than half of all patients had disseminated TB, and 14% reported a prior episode of TB. We observed large regional variation in patient characteristics, with participants in EE more commonly reporting a history of IDU, recent incarceration, and more likely to be co-infected with hepatitis C and naïve to cART. Patients in both EE and LA were more likely to originate from the same country as they were being treated in and patients who inject drugs were less likely to have access to opioid substitution therapy ( Table 1) . The TB diagnosis was definite in approximately half of all patients, and the empiric anti-TB treatment contained RHZ in 78%. In both EE and LA, fewer patients had a definite TB diagnosis (47% and 40%, respectively, vs. 71% and 72% in WE and SE, respectively) and fewer patients in EE received empiric RHZ-containing anti-TB regimens (Table 2) . Overall, 569 patients (40% of all patients, 79% of those with definite TB) had anti-TB DST performed within one month of baseline. The proportion of patients with definite TB who had DST performed was lower in EE (73% vs. 83-89%), and the prevalence of R or H resistance and MDR-TB was notably higher in EE (41%, 51% and 40%, respectively, of those tested) compared with other European regions (<10%). In LA, relatively high rates of R or H resistance and MDR-TB were encountered (18%, 25% and 15%, respectively, of those tested). The proportion of patients with no documented resistance was lower in EE (43%) compared with 89-91% in WE and SE and 74% in LA. In both EE and LA, less than half of Mtb isolates were tested for pyrazinamide and ethambutol resistance, and streptomycin resistance was widespread (Table 2) . Of the 97 documented MDR-TB cases in EE, 27 (39.1% of 69 tested) were also resistant to kanamycin, amikacin, or capreomycin, 18 (27.7% of 65 tested) to fluoroquinolones, and 7 (14.3% of 49 tested) were XDR-TB. In multivariable models, receiving care in EE (aOR 7. were all significantly associated with MDR-TB (Fig 1) .
Overall, only 17 (1%) did not start anti-TB treatment and 1329 (95%) started treatment within 30 days of baseline. The majority of patients initiated anti-TB treatment containing at least RHZ (78%), however, this varied substantially across regions; from 71% in EE to 90% in LA; p<0.0001 (Table 2) . Of these patients, the majority initiated standard treatment with RHZ plus ethambutol (E); ranging from 70% in EE to 94% in LA. Similar trends were found when restricting analyses to patients without a history of prior TB (data not shown).
In Fig 2, intraregional differences in the use of RHZ-based empiric anti-TB treatment are shown in relation to the observed MDR-TB prevalence. We observed substantial variation in the prevalence of MDR-TB in EE, ranging from 11-56% between countries with considerable uncertainty in some countries due to the small numbers of patients. The proportion of participants who initiated RHZ-based empiric anti-TB treatment appeared similar in most countries across the four regions with the exception of two countries in EE where 54% and 74% (95% CI 48-86%) of patients received such therapy. The country in which the smallest proportion of patients received RHZ-based therapy reported among the highest prevalence of MDR-TB (40%, 95% CI 24-58%). There was no evidence of a correlation between the country-wise proportions of patients initiating RHZ-based treatment and prevalences of MDR-TB (p = 0.30 and p = 0.50 for EE and WE, respectively; analysis restricted to regions with at least three data points).
For patients with DST results available, we next calculated the average number of active drugs used in the empiric anti-TB treatment regimen in relation to the subsequent DST results. The proportion of participants who received treatment with at least three active drugs ranged from 66% in EE to 90-96% in the other regions, p<0.0001, Fig 3a) . Worryingly, the empiric regimen contained one or two active drugs in 25% of patients in EE, and no active drugs at all in 9%. These results did not change in sensitivity analyses restricted to individuals with full resistance profiles available. We next assumed resistance to all drugs for which no DST data were available, and the proportion receiving empiric therapy with at least three active drugs ranged from 32% and 39% in LA and EE to 75-80% in the other regions, p<0.0001, underlining that a full DST report was not available for many patients in EE and LA. Routine use of RHZE as the empiric anti-TB regimen would have had minimal impact on the proportion of patients who received at least three active drugs in all regions (Fig 3b) . We compared the data from the present study with our findings from the retrospective TB: HIV study (S1 Table) . The overall number of patients on cART at baseline increased significantly from 11% to 26% (p<0.0001), the proportion of patients who initiated RHZ-containing empiric anti-TB treatment increased from 62% to 78% (p<0.0001), as did the proportion of patients diagnosed with resistance to R. The observed increases in use of RHZ-based anti-TB treatment and Mtb drug-resistance were largely driven by EE (data not shown). Similar results were obtained when the analysis was restricted to clinics that participated in both studies. 2 17 individuals lacked anti-TB treatment data and were excluded from the descriptions of empiric anti-TB treatment regimens. 14 of these (82.35%) came from Eastern Europe. This means that the denominator is the remaining 1396 individuals. 3 The denominator is everyone with a resistance test at baseline.
Discussion
The present study documents major challenges in EE, and in our cohort more than half of the patients in EE did not have a definite TB diagnosis, approximately two thirds had no DST available and among those with a DST available, over one third had suboptimal activity of the empiric anti-TB regimen. Levels of MDR-TB among patients from EE in our cohort are alarmingly high and appear to have increased compared to the 2004-2006 cohort, although our cohort was not designed to address time-trends in resistance prevalence [15] . In agreement with our findings, other studies have reported similarly high and increasing prevalence of MDR-TB in Belarus, Latvia and Russia [6, 10, 13, 18] . The strongest risk factor for MDR-TB in the present study was residence in EE, and the adjusted odds of having MDR-TB remained seven times higher compared to other regions. IDU and having received previous anti-TB treatment were also significantly associated with having MDR-TB, the latter being consistent with previous findings [19] [20] [21] .
We found that low proportions of patients had a confirmed TB diagnosis and DST results available in both LA and EE. However, as the proportion of patients with MDR-TB was substantially lower in LA compared to EE, the majority of patients in LA were likely to have been treated for their TB disease with at least three active drugs while a large proportion of participants in EE received inadequate treatment regimens. These results emphasize the need for improved diagnostic facilities and laboratory capacity as a political and public health priority, particularly in the Eastern European region [22] . Additionally, of those patients from EE who had a DST available, only half with MDR-TB were additionally tested for XDR-TB. Rapid identification of patients infected with R resistant strains, a surrogate marker for MDR-TB, would allow for "up-front" adjustment of anti-TB treatment and thereby providing clinicians the opportunity to initiate a more accurate and effective treatment regimen. The WHO recommends that the Xpert MTB/RIF test, an automated molecular test for Mtb and resistance to R, should be used as the initial diagnostic test in individuals suspected of having MDR-TB or HIV-associated TB [23] . Early detection of MDR-TB is essential to reduce death rates, lower spread and prevent further development of drug resistance including development of XDR-TB, and the Xpert MTB/RIF test has been shown to be particularly effective in HIV-positive patients who more often present with smear-negative disease [24] .
There are no current guidelines on specific empiric anti-TB treatment regimens in areas with high levels of anti-TB drug resistance. The World Health Organization recommends that empiric treatment includes a combination of the most potent anti-TB medication based on expert knowledge of local resistance patterns [25] . Three active drugs are generally considered as the minimum acceptable number of drugs to treat active TB disease [26, 27] . In our study, 78% of patients with a DST performed at baseline (and thus with DST results unavailable at time of initiation of the empiric treatment regimen) were initiated on anti-TB treatment with at least three drugs to which the patient's Mtb isolates were subsequently not found to be resistant. In EE, around one third of the patients started less than three active drugs as part of the empiric therapy. This represents a best-case scenario and if missing resistance data for a given drug were considered as indicative of resistance to that drug, the situation would be substantially worse. This finding reflects that for many patients DST was only available for some drugs and clearly emphasizes the need for accurate and rapidly available diagnostics and DST results, as suboptimal treatment substantially increases the risk of developing further drug resistance and is associated with poorer treatment outcomes [24, 28] . Interestingly, calculating hypothetical scores (presuming RHZE treatment had been initiated in all patients) did not The number of active drugs for a patient was calculated based on initial anti-TB therapy and DST results within the first month of therapy (available for 585/1396 patients). 2 The number of active drugs in the initial anti-TB treatment regimen, assuming RHZE had been initiated in all subjects (available for 585/1396 patients).
doi:10.1371/journal.pone.0145380.g003 result in major improvements underscoring that a general recommendation of RHZE regimens is not the optimal solution in areas with high burden anti-TB drug resistance.
The challenges in EE were further documented when comparing two middle-income regions, EE and LA. The levels of anti-TB drug resistance were substantially higher in EE, as was the prevalence of inadequate empiric treatment among patients with a DST. We also observed large intraregional differences in choice of empiric therapy between countries within EE, and there was not clear correlation between usage of RHZ-based regimens and the level of MDR-TB in the individual countries. This highlights the heterogeneity in the treatment approach within EE and the present results may be used in conjunction with national-level data from countries in EE in order to inform public health policy and regional/national treatment guidelines.
Only 17% of patients in EE were on cART at time of TB diagnosis despite 75% were both known to be HIV-positive and most were severely immunosuppressed. This is in line with a recent report on very limited usage of cART among HIV-positive IDUs living in EE and calls for urgent actions to retain HIV-positive patients in EE in care and expand access to cART [29] . In our study, a large proportion of the patients were diagnosed with TB and HIV at pronounced immunodeficiency which is in agreement with results from a recent study reporting that approximately half of the patients were diagnosed late with HIV in all regions of Europe (CD4 <350/mm3 and/or AIDS events [3] . Early diagnosis of HIV infection allows for timely initiation of cART as well as preventive therapy for TB, both of which may lead to a reduction in development of active TB disease [30] [31] [32] . Taken together, these results underline the need to implement strategies to diagnose people living with HIV who remain unaware of their diagnosis.
Only 4% of IDUs in EE were receiving opioid substitution therapy although this is recommended by the WHO for IDUs infected with TB and HIV, and shown in a smaller observational study from Ukraine to increase adherence and treatment completion rates [33, 34] . Altogether, an integrated approach to patients is needed, which includes social support and access to both cART and opioid substitution therapy to ensure FU of patients and ultimately to improve outcomes [35] .
Our study has several limitations. First, it is an observational study with the potential for selection bias. Secondly, clinics in the various regions were generally located in larger cities and some countries were only represented by a single clinic. As these clinics may represent centers of excellence, especially in Eastern Europe, the results presented here do not necessarily reflect the situation in all clinics in the participating countries, and the situation may well be worse in Eastern Europe. Further, DST was done at each participating clinic's laboratory. Generally, a solid medium (Löwenstein-Jensen) was used for growing mycobacteria, but details on laboratory work were not collected and variable methodology may have biased the results. Finally, full DST results were not available for all patients. Whereas this may impact the analyses, it also reflects the clinical reality and the decision making for empiric therapy in primarily EE and LA.
In conclusion, this study documents large regional differences in clinical characteristics, levels of anti-TB drug resistance, and treatment patterns among TB/HIV coinfected patients throughout Europe and LA. Our findings demonstrate a clear need for improving and implementing more accurate and rapidly available diagnostics and for providing better empiric anti-TB treatment, particularly in EE. The focus should also be to keep patients under FU and to initiate cART when appropriate according to guidelines in order to reduce the risk of developing clinical TB disease. The long-term clinical impact of the present alarming findings will be further analysed as follow up data accumulates in this prospective study (www.cphiv.dk under TB:HIV study).
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